. Thorax, 32, 397405 . Abnormalities of the tracheobronchial lymph nodes in smokers and subjects with chronic bronchitis: a necropsy study of the distribution of immunoglobulins. The tracheobronchial lymph nodes obtained at necropsy from small groups of subjects (normal non-smokers, normal smokers, subjects with chronic bronchitis which was incidental to the cause of death, and subjects who had died from long-standing chronic bronchitis) have been examined by immunofluorescent methods to detect immunoglobulin.
Cells containing immunoglobulin were seen scattered in the medullary cords and corticomedullary junctions, and also as conglomerates within active germinal centres. Sampling methods on multiple sections were used to count the numbers of single cells containing immunoglobulin (excluding those in germinal centres) and also the numbers of germinal centres containing immunoglobulin.
This work has shown that there were fewer plasma cells containing IgA and IgM in 'fatal' bronchitics than in normal non-smokers, normal smokers, and 'incidental' bronchitics (IgA P<0 005; IgM P<001). These results indicate that the reported depletion of plasma cells found in the airways in a small group of subjects with fatal chronic bronchitis was accompanied by a similar depletion in the regional lymph nodes.
It was also found that the numbers of active germinal centres containing immunoglobulin (mostly IgM) were increased in normal smokers, 'incidental' bronchitics, and 'fatal' bronchitics, although in these small numbers of subjects the significance of this difference (p<0-05) depends on grouping these subjects together. This suggests that cigarette smoking alters germinal centre activity even in subjects without chronic cough.
Recent necropsy studies have shown a deficiency of plasma and other cells containing IgA in the trachea and main and lobar bronchi of subjects who had died of severe long-standing chronic obstructive bronchitis (Soutar, 1976 (Soutar, , 1977 . The tracheobronchial lymph nodes of the same subjects reported previously have been examined by immunofluorescent methods to estimate whether the deficiency of IgA plasma cells in the airways was accompanied by alterations in the amount of immunoglobulin in plasma cells and germinal centres in the regional lymph nodes.
The lymphatic drainage of the bronchial tree passes upwards to the tracheobronchial lymph nodes (Miller, 1950) . Personal observation sug-"Present address: University of Illinois Medical Center, Chicago, Illinois, 60680 USA gests that the largest group of these is the inferior tracheobronchial group lying at the carina (carinal nodes). This group of nodes is well defined and easy to dissect and, for these reasons, was chosen for study.
Material and methods

SUBJECTS
Necropsy tissue was obtained from 20 subjects, nine without apparent chest disease and 11 with chronic bronchitis. The clinical details of these 20 subjects have been described in detail in previous papers (Soutar, 1976 (Soutar, , 1977 Testing of the potency and specificity of these antisera has already been described (Soutar, 1976 (Soutar, , 1977 and they were found to be potent and specific except for the anti-IgE which also contained slight activity against IgG This sometimes involved cell counts in as many as 50 fields, but if the section was small, and less than 20 fields had been examined, the process was repeated from a different position. Four sections for each antiserum were counted; the arithmetic processing of these cell counts is set out in Figure 1 . The total number of germinal follicles whose centre contained immunoglobulin were also counted. Further sections were stained with haemotoxylin and eosin to examine the general appearance of the nodes.
Statistical analysis CELL COUNTS
Square root transformation of the cell counts was found to stabilise the variance most satisfactorily, and this transformation was used for significance testing by analysis of variance.
GERMINAL CENTRE COUNTS
The transformation log (value +0 5) was found to stabilise the variance of the germinal centre counts most satisfactorily, and analysis of variance was performed on counts transformed in this way.
CARINAL NODE WEIGHTS
The variance of carinal node weights was found to be stable, and no transformation was required for analysis of variance. (Fig. 4) . The surrounding cuff of lymphocytes never showed specific staining.
Results
WEIGHT AND GENERAL APPEARANCES
The appearances on staining with anti-IgG conjugates were less distinct than for the other immunoglobulins, because of the high background of specific fluorescence due to the presence of IgG in between the cells. This probably represented serum IgG, although it may have been secreted by the cells of the node. It was absent from the tightly packed lymphocytes in the peripheral cuff of the lymphatic follicles. In spite of Thus, the 'fatal' bronchitics had a significantly lower concentration of plasma and other cells containing IgA and IgM than normals or 'incidental' bronchitics.
Counts of cells stained by anti-complement conjugates (apparently all eosinophils) were mostly small compared with the plasma cell counts (Table  2) and there were no significant differences between the groups. This staining may all have been non-specific, although cells containing complement in antigen/antibody complexes, which would stain specifically with conjugates, would also have been included in the cell counts. While the amount of non-specific staining with different conjugates is unlikely to be equal, this suggests that non-specific staining of eosinophils was unlikely to have materially altered the plasma cell counts.
COUNTS OF GERMINAL CENTRES
Counts of active germinal centres containing im- the total weight of the carinal gland mass (p<001. Fig. 6 ), and a similar correlation between IgG cell count and gland weight (P<0-05, Fig. 6 ). The 'fatal' bronchitics had significantly lower IgA cell count/gland weight ratios than the normals, that is, there were fewer cells in proportion to the gland weights than in normals (P<001). The IgG cell count/gland weight ratios were not significantly different from normal.
Discussion
A detailed study such as this must necessarily be confined to a small number of subjects. Nevertheless this work has demonstrated a depletion of plasma and other cells containing immunoglobulin in the medulla and corticomedullary junction of the tracheobronchial lymph nodes of subjects who have died from chronic bronchitis, a depletion not present in normal smokers or subjects whose chronic bronchitis was incidental to the cause of death. The results of this study also suggest that there is increased germinal centre activity in the tracheobronchial lymph nodes of healthy smokers without cough or sputum, as well as in those with 'incidental' chronic bronchitis and those whose chronic bronchitis was the cause of death.
The increased germinal centre activity was mainly accounted for by IgM and, to a lesser extent, IgG germinal centres. Germinal centre activity is believed to be part of the humoral immune response, and in the experimental animal, injection of antigen causes increased germinal centre activity and an increase in plasma cells in the medullary cords of regional lymph nodes (White, 1960) , even in thymectomised animals (Oort and Turk, 1965) .
The tracheobronchial lymph nodes receive lymph from the bronchial tree (Miller, 1950) , and increased germinal centre activity in these nodes might therefore be expected to indicate increased deposition of antigens in the lung. This is expected in chronic bronchitis, with its known association with bronchial infection (May, 1953; Oswald et al., 1953; Stuart-Harris et al., 1953; Fry, 1954 (May et al., 1973) .
The depletion of plasma and other cells containing IgA in the medulla of the tracheobronchial lymph nodes in chronic bronchitics who have died of their disease parallels the depletion of IgA plasma cells found in the trachea, main bronchi, and lobar bronchus in the same individuals (Soutar, 1977) . In addition, the IgM plasma cells in the tracheobronchial nodes are depleted, although a similar depletion of IgM cells was not detected in the airways, perhaps because IgM cells are much fewer in number in the bronchi than IgA cells, and small differences might not have been detected.
This depletion seems insufficiently explained by increased release of immunoglobulin from plasma cells, or rapid transit of lymphocytes from germinal centres to efferent lymphatics, for in the experimental animal injected antigen causes an increase in plasma cells in the medullary cords of regional lymph nodes, and in man, subjects who died from cystic fibrosis associated with chronic chest infection have been reported to have increased numbers of plasma cells in the bronchus and regional lymph nodes (Martinez-Tello et al., 1968) .
It seems more likely that the defect is a failure of production of immunoglobulin. This would be consistent with the work of Medici and Buergi (1971) , who found that severe chronic bronchitics were unable to increase their sputum IgA in response to natural infections.
Germinal centre activity (as measured by the presence of immunoglobulin) in these 'fatal' bronchitics appeared to be quantitatively normal in response to bronchial infection, and the defect may be a failure of maturation of B lymphocytes into plasma cells. An exception was one 'fatal' bronchitic in whom no active germinal centres were seen. This seems inappropriate in a subject who was known to have suffered recent respiratory infection and suggests that a defect may have been present at an earlier point in the production of B lymphocytes with specific antibody potential.
This plasma cell depletion has been demonstrated in subjects who have died of their chronic bronchitis, and it is not known whether this was a terminal event or had been present for some years. A deficiency of serum IgA may predispose
